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(57) Abstract 

A method is provided 
for controlling the quiescent 
current of a power ampli- 
fier in a wireless communis 
cation device, the amplifier 
configured to amplify an ap- 
plied communication signal 
and employing biasing con- 
trolled by a reference voltage. 
In a preferred embodiment, 
the meUiod includes: mea- . 
suring the operating current 
of the communk^aticm device 
with no communication sig- 
nal applied to the amplifier 
and with the reference volt- 
age set to zero, increasing the 
reference voltage, while con- 
tinuing to measure the oper- 
ating current, until the dif- 
ference between the operating 
current at a particular refer- 
ence voltage and the operat- 
ing current with the reference 
voltage set to zero reaches 
a pre-selected current value, 
and storing a digital value 
corresponding to the partic- 
ular refwence voltage. The 

pre-selected current value is preferably determined by characterizing a sufficient sample of amplifiers (e.g., based on model or production 
lot) to determine a minimum amplifier quiescent current adequate to meet desired performance characteristics for a particular system or 
application. 
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SPECIFICATION 

METHODS AND APPARATUS FOR CONTROLLING POWER AMPLIFIER 
QUIESCENT CURRENT IN A WIRELESS COMMUNICATION DEVICE 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention pertains generally to the field of wireless communication 
devices and, more particularly, to methods and apparatus for controlling power amplifier 
quiescent current in wireless conmiunication devices. 

10 

Background 

Driven mainly by consumer markets, there is an ongoing demand for increased 
battery talk and standby time in wireless communication devices —i.e., between battery 
recharging periods. As such, the power consumptibn of every circuit in the 

1 5 communication devices is preferably designed to perform its function while consuming the 
minimum amount of battery power. Optimal performance is further advantageous in that 
it reduces the amount of heat generated by the communication device. 

The use of radio firequency (RF) power transistors as amplifiers in wireless 
communication devices is well known. With the considerable recent growth in the 

20 demand for wireless services, such as personal communication services (PCS), the 

operatmg frequency of wireless networks has increased dramatically and is now well into 
the gigahertz (GHz) range. Achieving consistent performance characteristics in mass- 
produced amplifier transistor devices, however, is difficult. 

Figure 1 illustrates a typical power amplifier configuration employed in a wireless 

25 transmitter 10. An RF input signal to be transmitted, RFin, is passed through a 

transmission band pass filter 14 and then input into a power amplifier 16. The power 
amplifier 16 also receives an input supply voltage Vs 18 and a reference voltage Vref 20. 
In particular, the reference voltage Vref 20 controls a biasing circuit (not shown) of the 
power amplifier 16, which, in turn, controls the amplifier DC operatmg point. Once 

30 amplified, the input signal RFjn is passed through an output impedance matching network 
22 and duplexer 24 for transmission via an antenna 26. 

1 
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The overall efficiency, tj, of a transmitter to produce the required RF output power 
in relation to the DC input (i.e., battery) power is: 

T1 = (Pout^rf/Pin.dc)*100%, 
where Pout^rf is the RF power output of the transmitter and Pin_dc is the DC input power. 
5 The DC input power is calculated as: 

PlN^DC = ViN^DC * IlN_DC, 

where: Vin^dc is the voltage and Iin.dcis the current, respectively, of the input voltage 
supply. Notably, the input voltage : Vin^dc may be directly from a battery source, or may 
be stepped up or down via a controller circuit. 
1 0 Thus, the transmitter efficiency can be defined as: 

ri = (PoUT^Rf/(Vin DC*IIN_DC))*100%. 

For communication devices that are designed to operate in digital wireless systems 
in which the transmitter output power extends over a relatively large dynamic range, it is 
of critical importance to incorporate a design that has the highest efficiency over the wide 

1 5 output power range. Power amplifiers used in the linear modulation transmitter schemes 
for these systems must further exhibit linear performance to meet Adjacent Channel Power 
(ACP) requirements. In particular, high power amplifier linearity results in better ACP 
performance, — i.e., low spectral re-growth. Conversely, as the power amplifier linearity 
decreases, the spectral re-growth increases, resulting in poorer ACP performance. 

20 At the upper output power range of a power amplifier, higher DC input power is 

generally required for higher linearity at a specific output power. However, higher 
linearity is generally at the expense of lower efficiency. In practice, it is a difficult 
challenge to meet ACP and other performance requirements, while minimizing the DC 
input power to the power amplifier. 

25 In general, the operating parameters of a power amplifier are set in part by the 

quiescent point and load impedance of each individual amplification stage. The quiescent 
point is defined by the operating voltage and quiescent current for the particular stage. 
The quiescent current, IiN^ocq, also referred to as "idle current", is the DC input current 
drawn by the power amplifier in the absence of an RF input signal. In other words, with 

30 no RF input signal, the DC input current Iin_dc to the power amplifier equals the sum of 
the quiescent currents of the individual stages. For higher output power, the quiescent 



wo 00/46915 



PCTAJSOO/02226 



current comprises a smaller portion of the DC input current, and for lower output power, a 
much greater proportion. 

It is desirable to minimize the power amplifier quiescent current in order to achieve 
overall higher transmitter efiBciency. Minimizing quiescent current has the most impact 
5 on DC input current, and thus battery talk and standby time, when the power amplifier is 
operated at relatively low output power. In particular, as the amplifier output power is 
decreased, the DC input current asymptotically approaches the quiescent current. The DC 
input cxirrent essentially equals the quiescent current at a specific RF output power, 
PouT^Rpa , where the designation "a" indicates the power amplifier is operating in class A 
10 operation for Pqut.rf. ^ Pour.RFa. For Pqut^rf^ < Poux^Rpa, PiN.DC-IiN.ocq ♦Vs. 

In digital wireless systems where the average power amplifier output power during 
a call is substantially less than the maximum rated output power of the conmnmication 
device, it is desirable to minimize the amplifier quiescent current Ijn ocq, since it is a 
major factor in determining battery talk and standby time. 

1 5 Due to the natural variables of each amplifier in a large scale production of power 

amplifiers, the respective amplifier quiescent currents will exhibit a broad distribution of 
values with respect to a fixed biasing control reference voltage. As such, the reference 
voltage value must be set to a sufficiently high value such that the lowest quiescent current 
values in the distribution range are still adequate for meeting the minimum power 

20 amplifier performance reqxiirements. Of course, the resultant mean battery talk time of 
communication devices will be lower than would be possible if the quiescent current was 
optimized on an ainplifier by amplifier basis. 

Toward this end, U.S. Patent No. 5,31 1,143 ("the '143 patent") assigned to 
Motorola discloses a method for adjusting the power amplifier quiescent current as a 

25 fimctionofthe total current draw and/or detected RF in/out power. According to this 

approach, the amplifier quiescent current is adjusted dynamically under presence of an RF 
input signal, wliich is somewhat complex and relatively expensive to employ in a very cost 
sensitive product, as are wireless handsets. 

Thus, it would be desirable to provide a relatively simple, economic and reliable 

30 means for controlling the power amplifier quiescent current in wireless transmitters. 



3 



0O46915A1 I > 



wo 00/46915 



PCTAJSOO/02226 



SUMMARY OF THE INVENTION 

In accordance with a first aspect of the invention, a method is provided for 
controlling the quiescent current of a power amplifier in a wireless communication device, 
independent of other power amplifier operating parameters. 
5 In a preferred embodiment, wherein the amplifier configured to amplify an applied 

communication signal and employing biasing controlled by a reference voltage, a method 
for controlling the amplifier quiescent current includes: 

measuring the operating current of the communication device with no 
commimication signal applied to the amplifier and with the reference voltage set to zero, 
1 0 increasing the reference voltage, while continuing to measure the operating 

current, until the difference between the operating current at a particular reference voltage 
and the operating current with the reference voltage set to zero reaches a pre-selected 
quiescent current value, and 

storing a digital value corresponding to the particular reference voltage at which 
1 5 the pre-selected quiescent current is reached. 

In accordance with another aspect of the invention, a microprocessor is employed 
to store the digital value corresponding to the "calibrated" reference voltage and to 
thereafter regenerate the reference voltage for controlling the amplifier operation. In a 
preferred embodiment, the reference voltage is generated by the microprocessor by 
20 outputting a digital signal that is converted into an analog reference voltage by a digital-to-- 
analog circuit, such as, e.g., a low pass filt^. 

In accordance with a fiirther aspect of the invention, the pre-selected current value 
is determined by characterizing a sufficient sample of amplifiers (e.g., based on amplifier 
model, or production lot) to determine a minimimi amplifier quiescent current adequate to 
25 meet desired performance characteristics for a particular system or application. 

Because the relationship between the biasing control reference voltage and 
amplifier quiescent current varies naturally between individual amplifiers, each transmitter 
will have its own imique control reference voltage, allowing for increased mean 
transmitter operating efficiency. 
30 As v^ll be apparent to those skilled in the art, other and fiirther aspects and 

advantages of the present invention will appear hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings, in which: 

FIG. 1 is a simplified fimctional diagram of an exemplary power amplification 
5 configuration in a wireless transmitter; and 

FIG. 2 is schematic illustration of a preferred quiescent current control circuit 
constructed in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

0 Referring to FIG. 2, a preferred wireless communication device 50 includes a 

power source 52, e.g., DC battery 52. A current sensing circuit 53 includes a low value 

sensing resistor 54 in series with the DC battery 52 and a differential amplifier 56 having 

respective positive and negative terminals across the sensing resistor 54. In this manner, 

the differential amplifier 56 outputs a signal 57 representing the current being drawn on 

5 the power source 52 due to all operations of the communication device 50. 

The sensed current signal 57 is input into an analdg-to-digital (A/D) converter 58, 

which converts the signal 57 into digital data 60 representative of the analog current value. 

The digital data 60 is input into a microprocessor 62, which operates in conjimction with 

an associated memory 63. As explained in greater detail below, the microprocessor 62 

0 outputs a digital signal 64, e.g., an asynchronous pulse train, which is converted into an 

analog voltage via a low pass filter 66 to generate a reference voltage 68 used for 

. controlling a power amplifier 72. 

In particular, the power amplifier 72 is configured to amplify an RF input signal 

RFiN as part of the operation of the communication device 50. The amplifier 72 also 

receives as inputs a supply voltage 70 and the reference voltage 68. In preferred 

embodiments, the supply voltage 70 may be supplied directly firom the power source 52, 

or it may be converted (i.e., stepped up or down) with a power supply controller (not 

shown). The power amplifier 72 includes internal biasing circuitry (not shown), which 

controls the amplifier's DC operating condition. The biasing circuitry, in turn, is 

controlled by the reference voltage 68 supplied by the microprocessor 62. 

In accordance with a first aspect of the invention, the reference voltage 68 is 

calibrated to optimizing the operating quiescent current IiN_Dcq of the power amplifier 72. 

In a presently preferred embodiment, the reference voltage calibration process is 

5 
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performed by the microprocessor 62, although, as will be apparent to those skilled in the 
art, the calibration process could be performed manually. 

In particular, the microprocessor 62 first measures (i.e., reads) the non-amplifier 
portion of the operating current (i.e., digital data signal 60) with the power amplifier 72 
5 OFF -i.e., with no RF input signal applied to the amplifier and with the reference voltage 
68 set to zero by the microprocessor 62. 

The microprocessor 62 then increases the reference voltage 68 via the digital pulse 
train signal 64, while continuing to monitor the operating current signal 60, until the 
difference between the measured operating current and the non-amplifier portion of the 
10 operating current reaches a pre-selected, optimal quiescent current. In other words, the 
microprocessor 62 increases the biasing control reference voltage 68, imtil a pre-selected 
amplifier quiescent current is reached, taking into account the measured non-amplifier 
current portion, which is subtracted from the total measured value. 

Once the desired amplifier quiescent current level is reached, the corresponding 
1 5 reference voltage 68 is stored by the microprocessor in the memory 63 as the **calibrated" 
reference voltage for optimal operation of the amplifier 72. In accordance with a further 
aspect of the invention, the biasing control reference voltage 68 is thereafter maintained by 
the microprocessor 62 at this calibrated level, so as to optimize amplifier efficiency. 

By individually calibrating the respective biasing reference voltages of respective 
20 wireless communication devices based on the particular quiescent current consumption of 
each individual amplifier, overall power efficiency in the commxmication device 50 is 
improved over the prior art approach of using a pre-selected uniform reference voltage. 

While preferred embodiments and applications of the present invention have been 
shown and described, as would be apparent to those skilled in the art, many modifications 
25 and applications are possible without departing from the inventive concepts herein. 

Thus, the scope of the disclosed invention is not to be restricted except in 
accordance with the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A method for controlling the DC input power of an amplifier in a wireless 
communication device, the amplifier configured to amplify an applied communication 
5 signal and employing biasing controlled by a reference voltage, the method comprising: 

measuring the operating current of the communication device with no 
communication signal applied to the amplifier and with the reference voltage set to zero; 

increasing the reference voltage, while continuing to measure the operating 
current, until the difference between the operating current at a particular reference voltage 
10 and the operating current with the reference voltage set to zero reaches a pre-selected 
current value; and 

storing a digital value corresponding to the particular reference voltage. 

2. The method of claim 1, further comprising: 

1 5 generating the reference voltage fi-om the stored digital value. 

3 . The method of claim 1 , wherein the pre-selected current value is determined by 
characterizing a sample number of amplifiers to determine a minimum amplifier quiescent 
current value adequate to meet desired performance characteristics. 

20 

4. The method of claim 1, wherein the digital value is stored m a memory associated 
with a microprocessor. 

5. The method of claim 4, wherein the microprocessor outputs a digital signal 
25 corresponding to the stored digital value, and further comprising 

converting the digital signal into the reference voltage. 

6. The method of claim 5, wherein the digital signal is converted into the reference 
voltage by a low-pass filter 



30 



7. The method of claim 1 , wherein the operating current is measured by a current 
sensing circuit in series with a DC power source for the communication device. 



<WO 004691 5A1J^ 



WO.00/46915 



PCT/USOO/02226 



8. The method of claim 7, wherein the current sensing circuit includes a differential 
amplifier having inputs across a sensing resistor in series with the DC power 
source, the differential amplifier outputting a sensed current signal. 

5 9. The method of claim 8, further comprising; 

converting the sensed current signal into a digital data stream. 

10. A method for controlling the amplifier quiescent current in a wireless 
communication device, the amplifier configured to amplify an applied conmiunication 

1 0 signal and employing biasing controlled by a reference voltage, the communication 
wireless device including a DC power sowce and a microprocessor, the method 
comprising: 

measuring the operating current of the communication device with no 
conununication signal applied to the amplifier and with the reference voltage set to zero; 
1 5 increasing the reference voltage, while continuing to measure the operating 

current, until the difference between the operating current at a particular reference voltage 
and the operating current with the reference voltage set to zero reaches a pre-selected 
current value; 

storing a digital value corresponding to the particular reference voltage in a 
20 memory associated with the microprocessor; and 

generating the reference voltage firom the stored digital value. 

1 1 . The method of claim 10, wherein the pre-selected cmrent value is determined by 
characterizing a sample number of amplifiers to determine a minimum amplifier quiescent 

25 current value adequate to meet desired performance characteristics. 

12. The method of claim 1 0, wherein the reference voltage is generated by the 
microprocessor outputting a signal corresponding to the stored digital value. 

30 13. The method of claim 1 0, wherein the operating current is measured by a current 
sensing circuit in series with the DC power source. 
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